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Presenter
Presentation Notes
This presentation describes work performed by the Idaho National Engineering and Environmental Laboratory to prepare and analyze greenhouse gas emissions at a national laboratory.The results of this study are documented in the report, INEEL Greenhouse Gas Inventory and Trend Analysis, INEEL/EXT-99-00986, February 2000.The methodology for this analysis was further defined and documented in the journal article, Life-Cycle Assessment of Greenhouse Gas Emissions, TECHNOLOGY: Journal of the Franklin Institute, Cognizant Communications Corporation, Volume 8, 2002.http://www.elsevier.com/locate/jfranklin
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INEEL Climate Coupled Energy System 
is an integrated approach to co-manage Energy and Carbon 

resources to reduce Greenhouse Gases (GHG).
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Presenter
Presentation Notes
The CCES represents an energy management control system that:1) converts energy and carbon resources into greenhouse gas emissions and carbon sinks.2) establishes GHG emission baselines - trends -reduction goals, and carbon credits earned.3) analyzes GHG mitigation actions that can achieve reduction goals.4) provides mitigation action feedback to the energy and carbon systems.5) integrates scientific research into key energy and carbon mitigation areas. {Science Elements are derived from short and long-term carbon cycle research, carbon sequestration, systems science, energy efficiency and renewable energy, and environmental economics.}6) measures and verifies that the actions support achievement of reduction goals.�Energy Management System - Database that collects energy consumption data on a quarterly bases.  Energy usage data includes buildings, metered processes, vehicles and equipment.  This system uses energy mix information to determine the share of energy generated from carbon sources.Carbon Management System - Database that collects carbon storage resource data on a yearly bases.  Carbon stores include biomass (forests, agriculture), soil carbon stocks, and other natural resources that have the potential to be developed to achieve a net increase in carbon storage (decrease in atmospheric carbon).  This system also captures data on carbon storage flux differentials.GHG Measurement System - Calculation algorithm (Excel Spreadsheet) that converts energy usage data and carbon storage flux data into total greenhouse gas inventories.  When used over a series of years the system will record trends and identify drivers of GHG inventory levels.  The system can also measure GHG contributions from waste, solvents, and other GHG contributors. GHG Mitigation System - Systems Dynamics model that allows the user to evaluate scenarios of using energy and/or carbon mitigation strategies to meet GHG emission goals.  Mitigation policies can be implemented at various rates and over varying time frames.  Combinations of policies (energy and carbon) can be implemented simultaneously.   An economic analysis component could be used to compare alternatives by their avoidance cost (of carbon) as compared to the market cost of carbon. 



Idaho National Engineering and Environmental Laboratory

100

125

150

175

200

225

1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010

Year

G
g 

of
 C

O
2 

Eq
ui

va
le

nt
s

2010 Target Level Total Annual Emissions

Climate Coupled Energy System 
can be used to achieve Greenhouse Gas emission 

reductions and earn Carbon Credits.
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Presentation Notes
Although energy usage and emission reduction trends are generally positive, they are not sufficient to guarantee achievement of reduction goals.  Science and Technology, along with flexible carbon trading mechanisms will be needed to reach reduction goals.  The estimated cost to buy carbon credits to reach the goal is $4M-$6M.Carbon reduction achieved below the required reduction levels could be used as carbon credits and sold to other institutions that cannot meet their GHG emission goals.INEEL GHG Inventory Highlights:The INEEL carbon emission goal of 130.7 Gg was established at 30% below the 1990 GHG inventory baseline of 186.6 Gg (in CDE’s).INEEL facilities (88%) and transportation (12%) are the largest fuel users that contribute to GHG generation.Carbon Dioxide (at 92%) and Methane at (6%) are the primary INEEL greenhouse gases.The electricity energy mix for the INEEL consists of hydroelectric (55%), thermal (45%) and a small amount of nuclear. INEEL GHG’s are significantly affected by the availability of energy from hydropower, which is affected annually by precipitation levels. �
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The Climate Coupled Energy System 
can be used to achieve Greenhouse Gas emission 

reductions and earn Carbon Credits.

8

10

12

14

16

18

1990 2000 2010 2020 2030
Year

En
er

gy
 C

os
t (

M
$)

1990 2000 2010 2020 2030

Earned
Carbon
Credit

Energy $
Offset by
Carbon
Credit

Presenter
Presentation Notes
Reduction of greenhouse gases below the targeted reduction goals can be used to earn carbon credits.  The credits could serve to reduce future energy costs attributable to rate increases. 
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Presenter
Presentation Notes
The following slides provide a demonstration of CCES Software.
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Presentation Notes
This is the entire CCES concept which currently consists of a model that can be used to evaluate greenhouse gas mitigation options based on changes to use of energy, purchase of clean electricity, or substituting clean (agriculture/forestry based) fuels for petroleum fuels. 
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Presentation Notes
This is the baseline run of the CCES.  The time period 1990-1998 shows historical data.  The period of 1999-2010 is influenced by the four scenario controls on the left hand side of the screen.  In the baseline run, the future emissions are based on no changes from the 1998 emissions. 
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Presentation Notes
In this run the user has chosen a 10% energy efficiency improvement for the Idaho Falls and the INEEL site facilities.  The output graph shows some future reduction in emissions.
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In this run the user has chosen to reduce the Green Energy percent to account for a potential reduction in the use of hydroelectric power.  The output graph shows a significant increase in emissions.
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Presentation Notes
In this run the user has chosen to use bioenergy (resulting from 25,000 acres of biofuels like hybrid poplars, switch grass) to replace the use of fossil fuel (e.g., gasoline, diesel, fuel oil).  The output graph shows a significant reduction in emissions.
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In this run the user has chosen a 20% energy efficiency improvement for the Idaho Falls and the INEEL site facilities.  The output graph shows that the reduction goal was achieved in 2002. 
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INEEL Carbon Sequestration Projects
• Vortex Tube Design - separates out CO2 from flue 

exhaust gas streams.
• Enhanced CO2 recovery - uses biofilm mats to 

convert CO2 to useful products.
• CO2 Sequestration in Geologic Coal Formations -

models for CO2 sequestration and enhanced methane 
recovery.

• Probabilistic Risk Assessments techniques used 
to evaluate geologic sequestration - evaluates risk 
of CO2 injection in coal beds.

• CO2 separation using Thermally Optimized 
Membranes - separates CO2 and acid gas streams 
from natural gas streams.

Presenter
Presentation Notes
Vortex tube design - the INEEL (Kevin Raterman) is working with Purdue University and several industrial companies to improve the efficiency of the vortex tube by 50%.  First using a natural gas stream (8% CO2) and then adapting to power plant gas streams. Enhanced CO2 recovery - the INEEL (was Trish Stoots) is working with MSU to use biofilm mats to determine how much CO2 is taken in by varying conditions of nutrients.  The research is also looking for ways to increase photosynthesis of the cellular process.  CO2 Sequestration in Coal Beds - the INEEL (Jenn-Tai Liang, Eric Robertson, Charles Thomas) conducting research at the Coal Bed Methane field at the Tiffany Field in San Juan Basin, Colorado.  Previously methane recovered through N2 gas injection.PRA used to evaluate geologic sequestration - sponsored by the Carbon Capture project w/NETL.  Plans include verification of the model through actual field demonstrations.CO2 Separation using Thermally Optimized Membranes - The INEEL (Eric Peterson) is working with the U of Colorado and LANL to use membranes to selectively separate CO2 and acid gas streams from natural gas streams.
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